Preliminary Evaluation of Water Quality in the Vicinity of San Juan Generating
Station and Recommended Corrective Actions

An investigation into potential sources of ground water and surface water observed at
several monitoring points has been ongoing at the San Juan Generating Station since
2003. Preliminary results of the investigation for four monitoring wells (Qal-1, Qal-2,
Qal-3 and MW-4) and two surface water monitoring stations (S-4 and S-5) are
presented in this report. Locations of the sampling points are shown on FIGURE 1 and
FIGURE 2.

It is recognized that a potential source must exist at a higher elevation than the
sampling point to be a valid source. Additionally, a reasonable flow path from the
potential source to the sampling point must exist. Collectively, these two characteristics
are termed geometry. Sampling point elevations are presented in TABLE 1. Major ions
trilinear diagrams were used to evaluate potential sources for the water observed in
monitoring wells Qal-1, Qal-2, Qal-3 and MW-4. These diagrams are attached in
Appendix A. The chloride and nitrate concentrations for the most recent samples from
the potential sources and sampling points are presented in TABLE 2. The resulting
indicated sources and estimated contributions are presented in TABLE 3.

The Qnt aquifer is a linear saturated unconsolidated deposit, which generally follows
the historic flow path of the Westwater Arroyo and then the flow path of the Shumway
Arroyo downstream from the natural confluence (FIGURE 2). The aquifer is about 1000
feet wide and 20 feet thick in the vicinity of the San Juan Generating Station.

Based on the geometry of the saturated unconsolidated deposits (i.e., Qnt and Qal),
well QNT and surface water sampling sites S-4 and S-5 are along a groundwater flow
path in the Qnt aquifer from upstream to downstream. Wells Qal-3, 2 and 1 are
completed in groundwater tributaries to the Qnt aquifer, which enter from the west (the
area where the San Juan Generating Station is located).

Recent water quality data for the monitoring wells and surface water sampling sites
discussed above have been plotted on FIGURE 3. A preliminary analysis of FIGURE 3
suggests that the waters at S-4 and S-5 are mixtures of the upstream Qnt aquifer water
represented by the QNT sample and groundwater flow coming from the Generating
Station area represented by the Qal-1, 2 and 3 samples, because the S-4 and S-5
samples plot between QNT and Qal-1, 2 and 3.

The variations in TDS along the groundwater flow path can be explained by
concentration of salts by evapotranspiration and dilution by the tributary flows along the
flow path.



In summary, the data presented provides us with reasonable confidence that the water
sampled at S-4 and S-5 contains a component of groundwater coming from the
Generating Station area.

The recommended corrective actions to address underground leakage at the San Juan
Generating Station consist of the corrective actions listed in TABLE 4 including
construction of a groundwater recovery trench at Location E which is about 4000 ft.
down stream from the San Juan Generating Station along the groundwater flow path of
the Qnt aquifer (FIGURE 2). The objective of the groundwater recovery trench would
be to capture virtually all of the flow in the Qnt aquifer, including contributions from the
San Juan Generating Station, and return the water to the process water system at the
station for reuse. Location E was selected because it is downstream from the
maximum distance that contaminants from San Juan Generating Station might have
traveled in the Qnt aquifer based on a particle velocity of 90 ft/year and a travel time of
33 years. Additionally, it is in an undeveloped area and the Qnt aquifer is only about
250 ft. wide at that location. Also, it would not be necessary to disturb the arroyo
channel to construct the recovery trench at Location E. Details of the proposed
groundwater recovery trench construction are presented in FIGURE 4, 5 and 6.
Preliminary estimates indicate that the total flow in the Qnt aquifer at Location E is
about 16 ac.ft/yr.
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TABLE 1

Sampling Point
Water Level Elevations
San Juan Generating Station

912712006 _
Qnt @ QNT 5222
Qnt @ QAL-3 5219
Qnt @ QAL-2 5217
Qnt @ QAL-1 5203
Qnt @ MW-4 5196
Kpc @ Kpc 5237
QAL-1 (Qal) 5212
QAL-2 (Qal) 5235
QAL-3 (Qal) 5250
MW-4 (Qal) 5253




TABLE 2

Water Chemistry Summary
San Juan Generating Station
9/27/2006

Source Cl NO3
KPC 360 <.02
LAKE 17 0.1
ABSORBER 4276 178
TOWER 1&2 168 2.07
TOWER 4 172 1.98
PP COMP 150 4 av.
NEP 266,000 1400
TOWER 3 83 0.88
SS TREATMENT 71 48 4
C RECLAIM 126 9.57
Sampling Point

QAL-1 320 30.3
QAL-2 230 26.7
QAL-3 290 32.2
MW 4 82 5.92




TABLE 3

Indicated Sources for Groundwater Samples
San Juan Generating Station

9/20/06
Sampling Indicated Estimated Geometry  Trilinear Cl Cl No3 No3
Point Source Contribution Diagram Well Source Well Source
QAL-3 290 32.2
TOWER 4 Major Y Y 172 1.98
KPC Major Y Y 360 0.01
Absorber Minor Y Y 4276 178
QAL-2 230 26.7
C Reclaim Major Y Y 126 9.57
SS Treatment Major Y Y 71 48.4
KPC Major Y Y 360 0.01
Absorber Minor Y Y 4276 178
QAL-1 320 30.3
SS Treatment Major Y Y 71 48.4
CPRB 1&2 Major Y Y 560 <.02
KPC Major Y Y 360 0.01
Absorber Minor Y Y 4676 178
MW-4 82 5.92
LAKE Major Y Y 17 0.1
TOWER 1&2 Maijor Y Y 168 2.02
SS Treatment Major Y Y 71 48.4
Absorber Minor Y Y 4676 178
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INTRODUCTION

Between March 2005 and February 2006 METRIC Corporation and Public
Service Company of New Mexico’s San Juan Generating Station personnel
conducted an investigation to evaluate the hydrologic characteristics of the
Westwater and Shumway Arroyos in the vicinity of the San Juan Generating
Station. Flow measurements were made at 13 stations along the arroyos on a
monthly basis, and water samples were collected and analyzed at four of the
stations on a monthly basis, when water was present. The investigation design,
data analysis and report preparation were conducted by METRIC Corporation.
The fieldwork (i.e. flow measurements and water sample collections) were
performed by San Juan Generating Station personnel. The water sample
analyses were performed by Green Analytical Laboratory in Durango, Colorado.

SURFACE WATER FLOW MEASUREMENTS

Flow measurements were made at 13 stations (S-1 to S-13 on FIGURE 1) along
an approximate four-mile long reach of the Westwater and Shumway Arroyos.
The flow measurements were made using a standard USGS mini-current meter
and a standard wading rod. The velocity area method was used. Velocity
measurements were taken at 0.6 of the total depth below the water surface as
described in USGS, 1977. The 13 flow measurement stations shown on
FIGURE 1 are described as follows:

e Station S-1 is located in the redirected Westwater Arroyo
channel just downstream from the haul road crossing. This
section is upstream from most San Juan Generating Station
activity and downstream from some San Juan Mine
activities, notably Pinon Pit.

e Station S-2 is located in the Westwater Arroyo diversion just
upstream from its confluence with the Shumway Diversion.

e Station S-3 is located in the Shumway Diversion just
upstream from its confluence with the Westwater Diversion.

e Station S-4 is located at the upstream edge of a seep
occasionally observed in the Shumway Diversion.

e Station S-5 is located just upstream from the La Plata haul
road crossing in the Shumway Diversion.

e Station S-6 is located in the Westwater Arroyo at the San
Juan Mine irrigation water pipeline crossing.

e Station S-7 is located in the Raw Water Reservoir Arroyo
just upstream fro its confluence with the Westwater Arroyo.

1
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e Station S-8 is located in the Westwater Arroyo just
downstream from the red gravel road crossing.

e Station S-9 is located in the Shumway Arroyo at the
upstream edge of the Dunlap Farm.

e Station S-10 is located in the Shumway near the middle of
the Dunlap Farm.

e Station S-11 is located in the Shumway Arroyo at the
downstream edge of the Dunlap Farm and just upstream
from Power Plant Road Crossing.

e Station S-12 is located in the Farmers Mutual Ditch
Wastewater. This flow is included in the measurements
made at S-11.

e Station S-13 is located in the Wasteway from the Dunlap
Farm irrigation storage reservoir. This flow is included in the
measurements made at S-11.

The results of the 12 monthly flow measurement surveys are summarized in
TABLE 1. The field measurements and calculations are presented in APPENDIX
A. In TABLE 1 a “DRY” entry indicates no water was present, whereas “0.00”
entry indicates there was standing water but it was not perceptibly flowing.

ARROYO WATER QUALITY SAMPLING

Water samples were collected at four of the stations (S-4, S-5, S-8 and S-11)
when water was present. The samples were preserved and sent to Green
Analytical Laboratory for analysis of major ions, metals, TDS, Conductivity,
Nitrate, pH and phenols. The analytical results are summarized in TABLE 2.

CONCLUSIONS RESULTING FROM FLOW MEASUREMENTS

Based on the flow measurements conducted during the preceding 12 months
(TABLE 1), the upper reaches of the Westwater Arroyo (S-1 and S-2) and the
upper reaches of the Shumway Diversion (S-3) are characterized as ephemeral
streams (i.e., they flow only in direct response to precipitation events). The reach
of the Shumway Diversion represented by S-4 may be characterized as an
ephemeral or perhaps intermittent stream (i.e. it flows seasonably). The lower
reach of the Shumway Diversion represented by S-5 and the reach of the
Westwater Arroyo represented by S-6 are characterized as intermittent streams.
They exhibit seasonal flow.
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METRIC Corporation’s investigations of the Westwater and Shumway drainages
conducted between 1981 and 1984 established the presence of a naturally
occurring linear aquifer within the unconsolidated sediments, (Qnt and Qal) of
those two drainages. That aquifer passes along the east side of the San Juan
Generating Station, (see FIGURE 1).

From 1987 to 1999, METRIC Corporation conducted 12 annual inspections of the
entire length of the Shumway and Westwater Diversions for San Juan Coal
Company. The purpose of the inspections was to monitor erosion occurring in
the diversion. During those inspections, we noted a reach of the diversion from
the bridge upstream for a distance of about 700 ft. where flow was generally
visible. In that 700 ft. reach of the diversion we also noted scour had lowered the
channel bottom 2 ft. to 7 ft. below the original constructed elevations.

It is our opinion that the flow in this reach of the Shumway Diversion is the result
of the diversion bottom having been excavated to elevations lower than the
naturally occurring water table in the sediments into which the diversion was
constructed. The scour, which has occurred in the diversion channel bottom, has
further exposed the water table. It is our opinion that the observed flows at S-4,
S-5 are the result of the excavation and subsequent erosion in the Shumway
Diversion having exposed the alluvial water table in those areas.

It is possible that erosion in the Westwater Arroyo has also exposed the water
table at Station S-6. Station S-7 represents conditions in the lower reach of the
Raw Water Reservoir Arroyo upstream from the Westwater Arroyo. This reach
may be ephemeral or intermittent. During March, April May and June 2005 water
was present at this station. Subsequent to June 2005, it was dry. Several
beaver ponds were drained in the area near the downstream slope of the Raw
Water Reservoir dam in December 2004 and again in January 2006. If the
beaver ponds can be kept drained, this reach may remain ephemeral.

The reach of the Westwater Arroyo represented by Station S-8 and the reach of
the Shumway Arroyo represented by S-9 appear to be intermittent streams. It is
possible that the water table may be above the arroyo bottom seasonally, or
there may be some other explanation. The reach of the lower Shumway Arroyo
represented by Stations S-10 and S-11 are characterized as a perennial reach
(i.e. the stream flows throughout the year). The principal source of the perennial
flow is irrigation return flow resulting from application of irrigation water to the
Dunlap Farm (FIGURE 1). The existence of a series of beaver dams throughout
this reach help to ensure that the reach flows throughout the year. According to
LaRay Collyer, May 23, 2003, personal communication, irrigation at the Dunlap
Farm began in the late 1960’s (probably 1967). Earlier aerial photos of the area
indicate this reach of the Shumway Arroyo was ephemeral before that date.



Flows, which occur at Stations S-12 and S-13, are the direct result of irrigation
being wasted back to the Arroyo during the irrigation season.

CONCLUSIONS RESULTING FROM ARROYO WATER QUALITY ANALYSES
The Qnt aquifer is a linear saturated unconsolidated deposit, which generally
follows the historic flow path of the Westwater Arroyo and then the flow path of
the Shumway Arroyo downstream from the natural confluence (FIGURE 1). The
aquifer is about 1000 feet wide and 20 feet thick in the vicinity of the San Juan
Generating Station.

Based on the geometry of the saturated unconsolidated deposits (i.e., Qnt and
Qal) wells Qnt, Well D, CB-1, and CB-2 and surface water sampling sites S-4
and S-5 are along the groundwater flow path in the Qnt aquifer from upstream to
downstream. Wells Qal-3, 2 and 1 are completed in groundwater tributaries to
the Qnt aquifer, which enter from the west, the area where the San Juan
Generating Station is located. Qal-3 samples a groundwater tributary, which
enters the Qnt aquifer between wells Qnt and Well D. Qal-2 samples a
groundwater tributary, which enters the Qnt aquifer between wells Well D and
CB-1. Qal-1 samples a groundwater tributary, which enters the Qnt aquifer
between S-4 and S-5.

Recent water quality data for the monitoring wells and surface water sampling
sites discussed above have been plotted on FIGURE 2. The supporting water
quality data is in APPENDIX B. A preliminary analysis of FIGURE 2 suggests
that the waters at Well D, CB-1, S-5 S-4 and CB-2 are all mixtures of the
upstream Qnt aquifer water represented by the Qnt sample and groundwater flow
coming from the Generating Station area represented by the Qal-1, 2 and 3
samples, because the Well D, CB-1, S-5, S-4 and CB-2 samples all plot on a
straight line between Qnt-1 and Qal-1, 2 and 3. The variations in TDS along the
groundwater flow path can be explained by concentration by evapotranspiration
and dilution by the tributary flow along the flow path.

In summary, the data presented provides us with reasonable confidence that the
water sampled at S-4 and S-5 contains a component of groundwater coming
from the Generating Station area.

The sources of the arroyo water sampled at station S-8 are difficult to explain due
to a general lack of groundwater data in the area. The arroyo water sampled at
station S-11 almost certainly consists of Qnt groundwater with direct '
contributions of Farmers Mutual Ditch irrigation water and irrigation water, which
percolates downward from the irrigated fields of the Dunlap Farm (FIGURE 1)
and enters the Qnt aquifer.
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